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Description 

Semiconductor substrate and semiconductor circuit 
formed therein and associated fabrication methods 



The present invention relates to a semiconductor 
substrate and semiconductor circuit formed therein and 
associated fabrication methods and, in particular, to 
an SOI substrate in which a multiplicity of buried 
10 capacitors are formed. 

As the integration density of semiconductor circuits 
and in particular a storage density of DRAMs (Dynamic 
Random Access Memories) continue to increase 

15 undiminished, problems of accommodating the required 
storage capacitance on the decreasing cell area are 
encountered more and more. Although the technical 
refinement of so-called trench capacitors and of 
stacked capacitors is already far advanced, these 

20 processes will come up against their limits in the next 
few generations. 

Furthermore, integrated capacitors in logic and 
analogue semiconductor circuits represent a 

25 considerable additional outlay. This applies in 
particular to high-density so-called "embedded DRAMs" 
since the highly optimized and highly space-saving cell 
design of modern DRAMs requires a fabrication process 
which can no longer easily be combined with a logic 

30 process. 

The storage capacitors in DRAMs, in particular, have 
many years of evolution behind them with the aim of 
keeping the capacitance virtually constant at 
35 approximately 30 fF, despite the ever-decreasing cell 
area. In order to realize capacitors of this type, two 
different embodiments are differentiated in this case. 
Firstly the "stacked capacitor" which is fabricated 
after the completion of a selection transistor and is 
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connected to the transistor via a dedicated contact 
hole, the surface area of the storage electrode being 
enlarged for example by virtue of a cylindrical 
configuration. The second embodiment that is known is 
5 the trench capacitor, in which case, before the 
selection transistor is formed, a hole with a very high 
aspect ratio (depth : diameter) is etched into a 
semiconductor substrate and the capacitor is fabricated 
therein. In both variants the surface of the electrode 

10 can be roughened by means of hemispherical 
semiconductor grains (hemispherical grains, HFG) in 
order to further increase the capacitance. Despite 
these technological endeavors, in the foreseeable 
future the required capacitance will no longer be able 

15 to be achieved using the further-developed conventional 
capacitors . 

Furthermore, the document EP 0 921 572 Al discloses a 
method for fabricating capacitors for a DRAM cell, a 

20 semiconductor circuit being formed in a first 
semiconductor substrate and a multiplicity of 
capacitors being formed in a second Si substrate by 
means of electrochemical pore etching. The two 
substrates prepared in this way are subsequently 

25 brought into contact with one another in such a way 
that the contact areas of the semiconductor circuit 
touch a predetermined number of capacitors, thus 
resulting in predetermined overall capacitors for the 
circuit. However, increased difficulties in making 

30 contact with the finished semiconductor circuit and 
also contact-area-dependent capacitances are 

disadvantageous in this case. 

Therefore, the invention is based on the object of 
35 providing a semiconductor substrate and also a 
semiconductor circuit formed therein and associated 
fabrication methods, it being possible to realize large 
capacitances in a particularly simple and cost- 
effective manner. 
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With regard to the semiconductor substrate, this object 
is achieved, in particular, by means of a carrier 
substrate and a semiconductor component layer with an 
5 insulation layer situated in-between, a multiplicity of 
depressions with a dielectric layer and an electrically 
conductive layer for realizing a multiplicity of 
capacitances being formed in the carrier substrate. 
When using a semiconductor substrate of this type, it 
10 is possible, moreover, for a semiconductor circuit 
formed therein to be contact -connected in a simple 
manner, capacitors having an increased capacitance 
furthermore being available. 

15 The electrically conductive layer used for forming the 
multiplicity of capacitor electrodes is preferably also 
formed at the surface of the carrier substrate, as a 
result of which a multiplicity of individual capacitors 
can be combined in groups and fixedly prescribed 

20 capacitances can be realized. In the case of 
corresponding patterning of this electrically 
conductive layer for realizing a group capacitor having 
a capacitance of approximately 30 fF, the storage 
capacitors required in the DRAM, in particular, may 

2 5 already be present prefabricated in the semiconductor 

substrate . 

The depressions for the capacitors are preferably 
formed by electrochemical pore etching, as a result of 

3 0 which a finely ramified pore system with an 

extraordinarily large surface area is obtained and, 
furthermore, short circuits or cross connections within 
the pores are automatically prevented. 

35 A high- temperature-resistant capacitor dielectric with 
a high dielectric constant is preferably used for the 
dielectric layer formed in the pores, thus resulting on 
the one hand in increased capacitances and on the other 
hand in an improved insensitivity for the subsequent 
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process steps during the realization of a semiconductor 
circuit in the semiconductor component layer. 

The semiconductor substrate is preferably based on an 
5 SOI substrate having a monocrystalline Si layer as 
component layer, an Si02 layer as insulation layer and 
an Si substrate as carrier substrate, for which reason 
already known fabrication methods can be modified in a 
cost-effective manner and standard processes and 
10 fabrication apparatuses that are in use can continue to 
be used. 

With regard to the method for fabricating a 
semiconductor substrate, firstly, a multiplicity of 

15 depressions and also a capacitor counterelectrode are 
formed in a carrier substrate and then a dielectric 
layer is fabricated at the surface of the depressions 
and of the carrier substrate. Afterward, an 
electrically conductive layer is formed for realizing a 

20 multiplicity of capacitor electrodes at least in the 
multiplicity of depressions and a first insulation 
partial layer is produced over the whole area. 
Furthermore, a semiconductor component substrate with a 
splitting-of f boundary layer formed therein and a 

25 second insulation partial layer is provided and 
connected together with the carrier substrate by means 
of the respective insulation partial layers. Finally, 
part of the semiconductor component substrate is split 
off at the splitting-of f boundary layer, as a result of 

3 0 which the final semiconductor substrate with the 
multiplicity of capacitors formed in the carrier 
substrate is obtained in a particularly simple and 
cost-effective manner . 

35 Preferably, the depressions are formed by means of 
electrochemical pore etching for forming pores in a 
carrier substrate composed of semiconductor material 
and the capacitor counterelectrode is formed by doping 
the carrier substrate in the vicinity of the pores. 
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The capacitor dielectric used is preferably nitrided 
oxide, AI2O3 and/or Ti02/ as a result of which both a 
high temperature resistance and a high dielectric 
constant are obtained. 

5 

As electrically conductive layer for realizing the 
capacitor electrodes, preferably an in- situ-doped 
semiconductor material is deposited and patterned in 
such a way that a multiplicity of individual capacitors 
10 can be combined to form a group capacitor. 



With regard to the semiconductor circuit, a DRAM memory 
cell is preferably formed as semiconductor component in 
the semiconductor substrate according to the invention, 
15 the capacitors situated in the carrier substrate being 
contact -connected via a contact hole which is filled 
with a connecting layer and is formed in the insulation 
layer of the semiconductor substrate. 

2 0 Further advantageous refinements of the invention are 
characterized in the further claims. 



The invention is described in more detail below using 
exemplary embodiments with reference to the drawing. 

25 

In the figures: 



Figures lA to ID 

show simplified sectional views for 

30 illustrating essential fabrication steps in the 

fabrication of a semiconductor substrate in 
accordance with a first exemplary embodiments- 
Figures 2A and 2B 

35 show simplified sectional views for 

illustrating a semiconductor substrate in 
accordance with a second exemplary embodiment 
and an associated method step for fabricating 
contact holes; and 
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Figures 3A to 3C 

show simplified sectional views for 
illustrating a fabrication method for a DRAM 
5 memory cell. 

Figures lA to IC show simplified sectional views for 
illustrating essential method steps in the fabrication 
of a semiconductor substrate in accordance with a first 
10 preferred exemplary embodiment. 

In accordance with Figure lA, a multiplicity of 
depressions P and also a capacitor counterelectrode El 
are formed in a carrier substrate 1, which represents a 

15 semiconductor substrate, for example, and preferably a 
silicon semiconductor wafer. Preferably, a multiplicity 
of pores P are formed as depressions in the carrier 
substrate 1, which comprises e.g. n-doped silicon, by 
means of an electrochemical pore etching method. The 

20 carrier substrate has a dopant concentration of 
approximately 10^® cm"^, for example, and is firstly 
connected to a first voltage terminal and immersed in a 
hydrofluoric acid solution (25% by weight) . Situated in 
the hydrofluoric acid solution is an electrode 

25 connected to a second voltage terminal. A voltage is 
subsequently generated between the first voltage 
terminal and the second voltage terminal, said voltage 
amounting to approximately 2 volts. The voltage 
difference between the first and second voltage 

30 terminals is positive in this case, a resulting current 
density amounting to approximately 100 mA/cm^. In this 
electrochemical pore etching method, pores P 
approximately 100 nm wide and a few micrometers deep 
are produced in the carrier substrate 1 after a few 

35 minutes, the distances between the adjacent pores P 
being of about the same magnitude, amounting to 
approximately 2 0 nm, and the pores being arranged in 
spatially non-regular fashion. 
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In order to produce the capacitor counterelectrode El 
in the carrier substrate 1, a doping of the 
semiconductor material is carried out for example in 
the vicinity of the pores P. Preferably, in order to 
5 form a highly doped and thus electrically conductive 
layer, a doping glass is formed in the pores P and then 
outdiffused into the carrier substrate 1 by means of a 
thermal treatment. Finally, the doping glass is removed 
preferably by wet -chemical means, thus resulting in the 

10 sectional view illustrated in Figure lA, Preferably, 
phosphosilicate glass having a thickness of a few 
nanometers is deposited as dopant source in the pores 
P, thus resulting in an n^-doping at the entire surface 
in the region of the pores P in the carrier substrate 

15 1. As an alternative, of course, it is also possible to 
effect vapor phase doping, in particular at low 
pressures, as is known for example in the fabrication 
of trench capacitors. Hydrofluoric acid is preferably 
used as the etchant for removing the doping glass, 

20 other etchants also being able to be used. 

Accordingly, the pores P formed by the electrochemical 
pore etching can be produced without targeted seed 
formation in a random arrangement, their density, their 
25 mean diameter, the thickness of the separating walls 
and the length being able to be set over a wide range 
through the parameters of the method, such as e.g. 
semiconductor doping, concentration of the etchant, 
current intensity, voltage and etching duration. 

30 

In accordance with Figure IB, a dielectric layer D is 
subsequently formed at the surface of the depressions P 
and of the carrier substrate 1, preferably nitrided 
oxide, AI2O3 and/or Ti02 being formed as capacitor 
35 dielectric over the whole area. Accordingly, in order 
to form a nitrided oxide, firstly a thermal oxidation 
of the carrier substrate 1 and a subsequent nitriding 
are carried out. As an alternative, in order to realize 
the capacitor dielectrics AI2O3 and/or Ti02 that are 
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furthermore possible, a deposition of corresponding 
materials may be carried out. In particular when using 
high- temperature -resistant capacitor dielectrics which 
furthermore have a high dielectric constant, a 
5 semiconductor substrate is thus obtained which is 
suitable for a multiplicity of standard processes, i.e. 
including high- temperature processes, and furthermore 
realizes capacitors having a high capacitance. 

10 After the whole-area formation of said dielectric layer 
D in the pores P and also at the surface of the carrier 
substrate 1, an electrically conductive layer E2 is 
subsequently formed for realizing a multiplicity of 
capacitor electrodes at least in the multiplicity of 

15 depressions P on the dielectric layer D. 

In order to realize the dielectric layer D and/or the 
electrically conductive layer E2 , it is possible, in 
particular, to use a so-called ALD method (Atomic Layer 
2 0 Deposition) for forming layers of the order of 
magnitude of individual atomic layers . 

In accordance with Figure IB, by way of example, an in- 
situ-doped polycrystalline semiconductor material and 

25 preferably in-situ-doped polysilicon are deposited over 
the whole area, as a result of which not only are the 
pores P completely filled, but, moreover, a layer 
covering all the pores is formed at the surface of the 
carrier substrate 1. In order to pattern this 

30 electrically conductive layer E2 a photolithographic 
method is preferably carried out, the electrically 
conductive layer E2 being patterned by means of 
conventional photoresists, subsequent exposure and 
final etching in such a way that a multiplicity of 

35 individual capacitors (or capacitor electrodes) or 
group of capacitors formed in the carrier substrate 1 
are produced, in accordance with Figure IC a 
predetermined number of individual capacitors (or 
capacitor electrodes) being combined to form a group 
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and realizing a group capacitor having a predetermined 
capacitance. Particularly when realizing semiconductor 
substrates for so-called DRAM memory devices, such 
patterning may be set in such a way that in each case 
5 group capacitors having a desired capacitance of 
approximately 3 0 fF are produced, as are customarily 
required in DRAM cells. 

Such patterning is preferably effected by means of 
10 anisotropic etching-back methods, such as RIE (Reactive 
Ion Etching) , for example. In order to avoid a short 
circuit between the outer capacitor counterelectrode El 
and the inner or capacitor electrode E2 , the dielectric 
layer D is preferably not removed. 

15 

In accordance with Figure IC, a first insulation 
partial layer 2A is subsequently formed over the whole 
area at this processed surface of the carrier substrate 
1, a TEOS deposition method (tetraethyl orthosilicate) 
20 preferably being carried out. In order to realize a 
planar surface, a CMP method (chemical mechanical 
polishing) may preferably be carried out after the 
formation of the insulation partial layer 2A and in 
particular after the deposition of a TEOS layer. 

25 

In accordance with Figure IC, furthermore, a further 
semiconductor component substrate 3 with a splitting- 
off boundary layer 3S and a second insulation partial 
layer 2B is provided, a silicon semiconductor wafer 
30 with a silicon dioxide layer 2B preferably once again 
being provided and the splitting-of f boundary layer 
being formed by means of hydrogen implantation. 

Afterward, these two substrates are connected to one 
35 another at or via their insulation partial layers 2A 
and 2B in order to form a common insulation layer 2, 
conventional wafer bonding preferably being carried 
out. More precisely, in particular when using silicon 
dioxide as insulation partial layers 2A and 23, on 
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account of their hydrophilic properties, an attractive 
force is exerted on the two substrates at the 
connecting surface, a mechanically very strong 
connection being realized by means of an additional 
5 thermal treatment and the use of additional connecting 
or bonding materials being able to be dispensed with- 
in accordance with Figure ID, finally, an (upper) part 
of the semiconductor component substrate 3 is split off 

10 at the splitting-of f boundary layer 3S, as a result of 
which the finished semiconductor substrate S with a 
multiplicity of buried capacitors is obtained. This 
splitting-of f process is preferably effected by means 
of a further thermal treatment, the upper part of the 

15 wafer breaking off or being split off along the 
implanted splitting-of f boundary layer in the case of 
the hydrogen implantation described above. As an 
alternative to this splitting-of f process known as a 
'^smart cut" method, it is also possible to carry out 

20 further methods such as e.g. the so-called '"ELTRAN" 
method, a porous semiconductor layer being used as 
splitting-of f boundary layer 3S and the upper part of 
the semiconductor component substrate 3 being able to 
be lifted off by means of a liquid jet. 

25 

Figure 2A and Figure 2B show simplified sectional views 
for illustrating a semiconductor substrate in 
accordance with a second exemplary embodiment and a 
method step for realizing capacitors having different 
30 capacitances, identical reference symbols designating 
identical or corresponding layers or elements and a 
repeated description being dispensed with below. 

In accordance with Figure 2A, the electrically 
3 5 conductive layer E2 may also be patterned in such a way 
that individual capacitors are not grouped, as 
illustrated in Figure IC, rather the electrically 
conductive layer E2 deposited at the surface of the 
carrier substrate is etched back completely as far as 
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the surface of the carrier substrate 1 or the 
dielectric layer D or the electrically conductive layer 
E2 is filled only up to the surface of the pores P. In 
this way, no electrically conductive connection of the 
5 individual capacitors or capacitor electrodes E2 is 
obtained, for which reason the capacitor capacitance 
can be defined exclusively by way of the size of a 
contact hole, 

10 Accordingly, in accordance with Figure 2B, contact 
holes VI and V2 of different sizes may be formed by 
means of a mask layer M, which contact holes uncover a 
different number of individual capacitors or number of 
capacitor electrodes E2 , as a result of which a finely 

15 granular setting of a capacitance can also be realized 
in a later fabrication process for realizing a 
respective semiconductor circuit. 

Figures 3A to 3C show simplified sectional views for 
20 illustrating essential method steps in the fabrication 
of a semiconductor circuit in a semiconductor substrate 
in accordance with the first exemplary embodiment, 
identical reference symbols once again designating 
identical layers or elements and a repeated description 
2 5 being dispensed with below. 

In accordance with Figure 3A, in order to realize a 
DRAM memory cell having a selection transistor and a 
pore capacitor PK (i.e. a number of buried individual 
30 capacitors combined in a group) , firstly a shallow 
trench isolation (not illustrated) is formed in the 
semiconductor component layer 3 for realizing active 
regions . 

35 Afterward, in accordance with Figure 3B, by way of 
example, a conventional process complex for MOS 
transistors is carried out in order to realize a 
selection transistor AT as semiconductor component to 
be formed with source/drain regions 7, a gate 
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dielectric or a gate oxide layer 4, a control layer 5 
or wordline WL and a gate insulation or encapsulation 
having a nitride covering layer 6 and nitride spacers 
8, for example. With regard to the individual method 
5 steps, reference is explicitly made here to the known 
standard MOS methods . 

Afterward, in order to realize a connection region to 
the buried capacitor or to the capacitor electrode E2 , 
10 a contact hole V is formed at least in the insulation 
layer 2 and the semiconductor component layer 3 , in 
which case, given the presence of the gate oxide layer 
or the gate dielectric 4, this layer may also be 
removed locally, 

15 

In accordance with Figure 3B, the contact hole V is 
formed directly at the sidewalls of the spacers 8 of 
the selection transistors AT, as a result of which a 
respective source/drain region 7 and also an associated 

20 capacitor electrode E2 are uncovered. Accordingly, a 
relatively inaccurate photolithographic method may be 
used for realizing the contact holes V, it merely being 
necessary to ensure an overlap between the lithography 
openings and the selection transistor encapsulation or 

25 the spacers 8 and the covering layer 6. Accordingly, 
the contact holes V may be formed in a self -aligning 
manner . 

Preferably, in order to remove the insulation layer 2 
30 of the semiconductor component layer 3 and, if 
appropriate, the gate dielectric 4 in the region of the 
contact hole V, an anisotropic etching method and in 
particular a reactive ion etching (RIE) is carried out. 

35 In accordance with Figure 3C, a connecting layer 9 is 
subsequently formed in the contact hole V between 
semiconductor component or the source/drain region 7 of 
the selection transistor AT and at least one capacitor 
electrode E2 . Preferably, in order to form said 
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connecting layer 9, a further in-situ-doped 
polycrystalline semiconductor layer, and in particular 
polycrystalline silicon, is deposited over the whole 
area and subsequently etched back isotropically or 
5 anisotropically right into the contact hole V. 

Finally, in order to complete the DRAM memory cell, an 
intermediate insulation layer 10 with a bitline contact 
11 is formed, which makes contact with a respective 

10 complementary source/drain region 7 of the selection 
transistor AT. In order to realize a bitline BL, 
finally, an electrically conductive bitline layer 12 is 
also formed and patterned at the surface of the 
intermediate insulation layer 10 in a customary manner, 

15 thus resulting in the final sectional view of a DRAM 
memory cell according to the invention as illustrated 
in Figure 3C. 

The invention has been described above on the basis of 

2 0 an SOI substrate having an Si carrier substrate, an Si02 

insulation layer and a monocrystalline Si semiconductor 
component layer, polycrystalline silicon being used as 
the electrically conductive layer and nitrided oxide 
being used as the dielectric layer. In the same way, it 
25 is also possible, of course, to use alternative 
materials and corresponding layers for realizing the 
semiconductor substrate according to the invention and 
the associated semiconductor circuit. In particular, an 
electrically conductive or electrically insulated 

3 0 substrate with an integrated capacitor counterelectrode 

may also be used as the carrier substrate. In the same 
way, besides the dopings presented, it is also possible 
to use the respective opposite dopings. For the 
electrically conductive layer, in particular, it is 
35 also possible to use metallic materials for realizing 
the capacitor counterelectrodes . 

Furthermore, the invention is not restricted to the 
DRAM cell present, but rather encompasses in the same 



Inl254DE 



- 14 - 



way any semiconductor components which are formed in a 
semiconductor substrate according to the invention and 
make contact with a buried capacitor via a contact hole 
and a connecting layer situated therein. 



